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ABSTRACT
Validation Study: A Case Study of Calculus 1 (MATH 1210)
by
Abibat Adebisi Lasisi, Master of Mathematics
Utah State University, 2012
Major Professor: Dr. Brynja Kohler
Department: Mathematics and Statistics
This report discusses the process of assessing the validity of a test. We provide
an analysis of the validation study of a test administered to the first semester calculus
students at Utah State University in the Fall 2011 semester. The results of our analysis
suggest that the test has some measurement relevance. This implies that the subject
contents of the test correlate with the syllabus of the course. Thus, the measurement
has some learning level relevance. Our analysis also revealed that the measurement
has a high reliability coefficient which signifies some internal consistency of the mea-
surement. The relevancy and reliability of this measurement provides an indication
of the validity of the test for it to be administered in a classroom. Furthermore, we
perform item analysis to know the quality of the test items. The computed indices
of discrimination, difficulty, and efficiency for each measurement item suggest that
most of the items are effective (i.e., it is possible to discriminate between high and
low students’ achievements on the test’s objectives), moderate (i.e., the items were
neither too easy nor too hard), and efficient (i.e., the items perform well in the test).
(58 pages)
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CHAPTER 1
INTRODUCTION
1.1 Overview
This report considers the process of assessing the quality of measurement (or
test). In psychometrics, the process of examining the validity of a test is generally
known as validation study (Cangelosi, 2000; Moskal and Leydens, 2000). Validation
study is important in assessing or measuring students’ achievements of the goal de-
fined by a string of objectives of a particular unit. This is because validation study pro-
vides important information on test items and helps the instructor to know the quality
of each test item. It also provides information on which test items are faulty. Although
the result of a validation study cannot tell us how to modify a particular test item,
it provides valuable skills and feedback on how to construct subsequent tests and in-
forms the test designer which particular area of the contents need more clarity when
taught in the future.
In order to assess the validity of a test, we need to examine the following on the
measurement: measurement relevance, measurement reliability, and the measurement
effectiveness. According to Cangelosi (2000), measurement relevance tells us the ex-
tent to which a particular test provides necessary information for making decisions
and evaluations about the specific objectives of the contents. The measurement relia-
bility deals with the extent to which a measurement provides consistent results on the
test. Whereas, measurement effectiveness is assessed through item analysis, which is
a measure of assessing the effectiveness of test items providing general assessment of
the quality of each test item.
In this report, we provide analysis of validity of a test given to a set of first
2semester calculus students at Utah State University in the Fall 2011 semester. The
test consists of weighted scored items. In our analysis, we use the rubrics designed for
scoring the measurement response that indicate the allocated points for each item in
the test. The measurement prompts and the scoring rubrics provide the opportunity
to assess both the subject content relevance and the learning level relevance of the
test. Finally, we come up with the results of the item analysis and provide interpre-
tation of the analysis.
The purpose of validation study is to encourage test designers (i.e., instructors)
in their ability to construct meaningful tests for the assessment of students’ achieve-
ments. This will enhance the development of test banks from where instructors can
select test items to meet respective objectives on courses that the department offers
every semester (Kehoe, 1995). The overall usefulness of this process is that it provides
valuable information on how the students have achieved the objectives of the contents
that are taught. Also, it provides feedback for instructors on which items on the tests
are faulty or good. Conclusively, we note that this process is easy to conduct and
there are also statistical softwares available for performing this analysis.
1.2 Objective
The goal of this report is to demonstrate the process of assessing the quality
of measurement designed to make either summmative or formative evaluation of the
contents we teach. This goal can be broken down into the following objectives:
1. To demonstrate the methods of assessing the relevancy of a test.
2. To demonstrate the methods of assessing the reliability of a test.
3. To demonstrate item analysis.
34. To compute relability coefficient, measurement relevance, index of discrimina-
tion, index of difficulty, index of efficiency, and provide their respective inter-
pretations.
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LITERATURE REVIEW
There is the need for a better way to assess students’ understanding of what they
learn. This will help us to know whether the students really attain the goals and objec-
tives that were set for them. The assessment will also help instructors to improve their
instructional strategies. According to Valencia (2000), assessment is a critical part of
instruction, and it has always been a branch of educational landscape. There are three
parts of a balanced assessment:standard assessment, classroom-based assessment, and
student self-assessment (Valencia, 2000). This report considers classroom-based as-
sessment which could either be formal or informal assessment. We are concern in
this report with the formal type of assessment called test. In order to administer an
authentic and equitable assessment, we must establish the goals and objectives of the
contents that we want our students to achieve, and design measurements that are
relevant to the sequence of those objectives (Wiggins, 1990).
The following are some findings in a Mathematical Association of America (MAA,
1992) report of the NSF working group on assessment in calculus. There is the need
for a better way of assessing student understanding and the need to develop a clear
broad ways of assessing students understanding in calculus. In order to achieve this
goal, instructors need to clarify the goals and objectives of the instructions and de-
velop refined ways of assessing students’ understanding. In this report, we discuss the
validity of a test. We also discuss methods of assessing the effectiveness of test items
i.e., item analysis.
Validation study dated back to the nineteenth century. Many research have been
carried out and bring forth some of the techniques that we use in validation study
5today. Cronbach (1951) did a comparison of coefficient alpha with different splitting
methods and came up with a better interpretation of coefficient alpha. The coeffi-
cient alpha which is considered as the special case of Kuder-Richardson formula is
the mean of all possible splits. It is also found to be the lower bound for the coef-
ficients of equivalence when two test are administered simultaneously with the tests
having similar items. He concludes that coefficient alpha is an appropriate index of
equivalence. We have use coefficient alpha to determine the reliability of the test we
evaluate in this report.
In order to provide additional information for analysis of items, Hofmann (1975)
derived a formula for finding the index of item efficiency. Item efficiency is the ratio
of index of discrimination to the maximum discrimination. This index together with
the existing index when interpreted brings statistical justification of whether an item
is good, fair, bad, efficient, inefficient, or defective. Also, this index is considered to
be statistically compelling than other indices (Cronbach, 1951). However, there is no
way we can use this formula without the existing indices, i.e., the index of discrimi-
nation and index of difficulty.
In Cangelosi (2000), specifically, in chapters 15− 17 of the text, a detail analysis
of validation study is provided. This includes measurement relevance, measurement
reliability, and item analysis. Using different case studies from various classrooms,
the author presents the analysis to help teachers formulate their own strategies of
measuring the validity of tests. This will also help instructors in going through the
efficient way of analyzing test items. Thus, instructors will know which items are
efficient or inefficient, and they can be appropriately modified or eliminated in future
tests.
When an instructor teaches a course for several times, it is better that such
instructor has a pool of tests where good items could be pull out for students’ as-
6sessment. According to Kehoe (1995), item analysis statistics provide neccessary in-
formation on which item is psychometrically good. Kehoe gave some suggestions on
how to improve multiple choice tests. This analysis will only let us know the state of
each item we have administered. So, in order to improve the subsequent tests, there
is the need to scrutinize the defective items. The decision could be whether to replace
the item totally or modify it so that the item becomes reasonable. This does not only
apply to multiple-choice tests, it is also applicable to other test formats. We employ
item analysis in this report on weighted scored items and show the analysis of the
items.
In a bulletin of SCOREPAK (2005), the advantages of item analysis and a sum-
mary classifying items as easy, moderate, and hard based on their difficulty level
were presented. The bulletin classifies items based on the value of discrimination in-
dex as good, fair, and bad items. It also provide additional statistics to summarize the
quality of the test by computing the reliability coefficient of the test. The bulletin’s
assumption is based on the fact that the test will only comprise of items that measure
a single subject content. In our case, our analysis is composed of tests with different
subject contents which have different learning levels.
In this report, we consider a particular test, provide a detail analysis of the test,
provide interpretation of the results of the analysis, and make necessary suggestions
on the improvement of some of the prompts.
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METHODS
3.1 Measurement Relevance
According to Cangelosi (2000), a measurement is said to be relevant if the mea-
surement is able to provide necessary information that supports the evaluation of the
measurement. In a validation study, it is important to examine the reliability and
the relevance of the measurement under consideration. In assessing the relevance of
a measurement, there are two characteristics to be considered. These are the subject
content relevance and the learning level relevance. When it is required to make a
summative or formative evaluation of students’ achievements, the achievements must
involve some subject contents with which students interact at learning levels specified
by the definition of the evaluation variable. Typically, this definition is articulated by
defining a learning goal with a string of objectives.
The subject content relevance specifies the learning goals or the subject mat-
ters that students are expected to achieve in learning a particular unit, whereas, the
learning level relevance specifies how students reason, think about, and react to the
subject contents in making decision of how they have achieve the objective (Cangelosi,
2003). For example, in the case of the first semester calculus course that we consider,
some of the subject contents are as follows: position functions, tangent and velocity,
limit of a function, continuity, tangents and derivatives of a function e.t.c. Another
example is the instance of question number 2A on the test we analyzed (see Appendix
A). The question reads thus:“What is the domain of f?” The subject content involved
is position function and the learning level is simple knowledge. This requires students
to remember the definition of the domain and use that to locate the intervals on the
8graph. Table 1 shows the learning levels and the explanation of each of the learning
levels.
Table 1: Different Learning Levels and their Descriptions
Learning Levels Explanation
Construct a concept Students dispaly construct a concept learning level by
discriminating between examples and non examples
of a particular concept.
Discover a relationship This type of learning level is when a student is
able to discover or explain the reasons why a particular
trend/relationship occurs in a content.
Simple knowledge Students display simple knowledge learning level when
they are able to recollect and link the definitions
they learnt to a particular instance.
Comprehension and communication This learning level is displayed by students
by showing the understanding and interpretation of the
meaning of a content using precise language of
mathematics and being able to explain the contents in
their own language.
Algorithmic skill A student achieves an objective at this learning level if the
student is able to recall the processes/steps of instructions
in solving a particular problem.
Application A student achieves an objective at application learning
level by searching through mathematical contents learnt
before, and choose to use the previous content learnt to solve
a particular problem.
Creative thinking This deals with the situation where students think
and develop their own strategies/ approaches in solving
problems.
Appreciation This is when students see the usefulness and the
application of the contents learnt and realize the values of
those contents.
Willingness to try This is the act of choosing to attempt solving problems.
To assess measurement relevance, the first step is to gather some information
about the measurement objectives together with their corresponding desirable weighted
9learning levels and measurements (test items). After this, we compare the actual
weight of the measurement to what is supposed to measure i.e., the desirable weight. A
judgment as to whether the measurements really have both the subject content and
learning level relevancies specified by the objectives would be made. An example of
how these steps are accomplished is shown in Table 2 below with the results generated
from the table subsequently interpreted. In the first column, we state the objectives
of each of the prompts. Column two will show the number of the items corresponding
to each objectives. Third column will display the weight of the items on the test and
the fourth column will give the respective weight allocated to each of the objectives
stated. Finally, we will make justification on the test items.
Table 2: Measurement Relevance Table
Objectives Items Actual Weight Desired Weight Comments
In our case study, the materials we have access to are the measurement prompts
and the rubrics of each individual students scores (see Appendix A and B for a copy
of the test and rubrics). In order to assess the relevance of the measurements, we
constructed a two-way table to display the subject contents and the learning level
relevance of the measurements by carefully examining each prompt on the measure-
ment. We show the total points allocated to each subject contents, the learning level,
and their corresponding weights in percentages. Using Table 3 results (see page 22),
we are able to give reports based on the relevance of the measurements.
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3.2 Measurement Reliability
The validity of a measurement depends on its relevance and reliability. The
concept of consistency is central to all aspects of measurement reliability. Also, for
a measurement to be reliable, the measurement must have both internal consistency
and observers consistency. The internal consistency of a measurement depends on the
agreement among the results of individual test items. In Cangelosi (2000), a measure-
ment is said to be reliable if the measurement is able to provide non-contradictory
information. The basic goal of measuring reliability is the way to quantify the degree
of agreement among scores sequences. The observer consistency can be categorized
into two classes: intra-observer consistency and inter-observer consistency. The intra-
observer consistency has to do with the degree to which the observer faithfully follows
the rubrics so that the results are not influenced by the physical mood of the observer
or the way the evaluation was made. Whereas the inter-observer consistency deals
with the degree at which different trained observers faithfully follow the rubrics so
that the result are not influenced by who makes the evaluation.
A reliability coefficient is a measure of tests reliability. The reliability coefficient
indicates how reliable or unreliable a measurement is (i.e., a measure of internal con-
sistency). There are different methods used in measuring the reliability of tests in
psychometrics. Some of these methods are the test-retest method, equivalent form
method, split-halves method, odd-even method, adjusted odd-even method, and Kuder-
Richardson methods. In test-retest method, a test is administered to a set of students
and later the same test is re-administered to the same set of students again. A Pear-
son product-moment correlation coefficient is then used to measure the reliability of
the test and the retest. If the scores obtained from the first test and the retest are the
same, then the greater the Pearson product-moment correlation coefficient the more
reliable the test is.
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The equivalent form method has to do with administering a test to a set of stu-
dents, and then instead of administering the same test again, prepare another test
that is similar to the previous test both in format and quantity. We generate two set
of scores for each student and use these results to compute the reliability coefficient
using the Pearson product-moment correlation coefficient. In the split-halves method,
instead of administering equivalent form of a test at another time, both the test and
equivalent form are merged together in a single test with the original test in the first
half and the equivalent form of the test in the second half. These two halves will
generate two scores for each student. The Pearson product-moment correlation coef-
ficient is then be use as a measure of the correlation between the two scores.
Another method is the odd-even method. Instead of splitting the test into two
halves in which the test might not follow the same sequence/pattern, the test will be
arranged in such a way that the original test will be the odd numbered in the test
and the equivalent form of the test will be the even numbered. The scores of the odd
numbers and even numbers constitute two different scores for each student. Also, the
adjusted odd-even method uses the Spearman-Brown Prophecy formula to predict
the reliability coefficient of a test if the test comprises of more questions than the
original number of questions in the test.
All these methods have their advantages and disadvantages. For reasons of some
disadvantages, such as the difficulty in computation and time-consumption, many
investigators prefer to use the Kuder - Richardson methods of computing reliability
coefficient which is easy to compute and less time consuming. Some of the methods
described above are taken into accounts in the Kuder-Richardson methods. Kuder-
Richardson methods are built on all possible splits (including odd-even) modified by
Spearman-Brown. Kuder-Richardson method is superior with respect to accuracy as
well as practicality (Cronbach, 1951).
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The Kuder-Richadson is an improvement of adjusted odd-even method. There
are three forms of Kuder-Richadson formula for computing reliability coefficient of a
measurement. The more difficult and time consuming parameter to compute is the
coefficient alpha. The Kuder-Richadson 20 ( KR20) is easier to compute and there is
another one that is more easier to compute which is a simplified form of KR20. This
method is called Kuder-Richadson 21 (KR21) which instead of computing the propor-
tion of each item on the test, computes the mean and the variance of the measurement.
The number of items on the test, the mean, and the variance of the test are then use
to compute the reliability coefficient. Both KR20 and KR21 are usually used to com-
pute the reliability coefficient of test that is dichotomously scored. Coefficient alpha
is used to compute the reliability coefficient of mixed test and weighted scored test.
In this study, we use coefficient α for assessing the internal consistency of the test
since the test has only weighted scored items. The reliability coefficient indicates how
reliable or unreliable a measurement is (i.e. a measure of internal consistency). The
formula for measuring the reliability of a test, called coefficient α is given as:
α =
(
k
k − 1
)(
1−
∑
σ2j
σ2
)
In the formula, α represents the reliability coefficient, k is the total number of
items in the test, σ2 is the variance of the test scores, and σ2j is the variance of
individual item in the test.
3.2.1 Measuring Reliability Coefficient Using Coefficient α
Tables 7, 8, 9, 10, and 11 in Appendix C show the data gathered from the first
semester calculus 1 test. From these tables we obtained the values used to compute
the reliability coefficient as follows:
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For a test with 22 items, k = 22, variance of test scores, σ2 = 503.4541, and sum
of individual variance,
∑
σ2j = σ
2
2A + σ
2
2B + σ
2
2C + σ
2
2D + . . . + σ
2
9 = 107.9582. Hence,
α =
(
k
k − 1
)(
1−
∑
σ2j
σ2
)
=
(
22
22− 1
)(
1− 107.9583
503.4541
)
=
(
22
21
)
(1− 0.214435)
= 1.047619 (0.785565)
= 0.822973 ≈ 0.82
3.3 Computing Standard Error of Measurement
The standard error of measurement (SEM) is a statistic that is used for assessing
measurement error. We expect scores from the test to be about the value computed
as SEM of the obtained scores about 68% of the time (i.e., + or - SEM). This implies
that we are 68% sure that the test score obtained will lie between plus or minus SEM
of the obtained scores. Also, the test scores will be within 2SEM of the obtained scores
about 95% of the time (i.e., +2SEM or -2SEM). This again implies that we are 95%
sure that the test scores obtained will lie between plus or minus 2SEM of the obtained
scores. As a result of this, if we are considering 68% confidence interval, we will not
consider two scores to be significantly different unless they differ by at least the value
obtained for SEM. On the other hand, if we are using 95% confidence interval, two
scores will not be considered different unless they differ by at least 2SEM. The SEM
is computed as follows:
SEM = σ
√
1− α,
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where σ= standard deviation, α = reliability coefficient. For the test under consid-
eration, we have:
σ =
√
σ2 =
√
503.4541 = 22.437783, α = 0.82
SEM = 22.437783 · √1− 0.82
= 22.437783 ·
√
0.18
= 22.437783 · (0.424264)
= 9.519544 ≈ 9.5
3.4 Item Analysis
Item analysis provides assessment of the effectiveness of measurement items (i.e.,
miniexperiments). Item analysis as defined in (SCOREPAK , 2005), is the process of
assessing individual responses to items on a test in order to improve the quality of the
items on the test. This process helps us to know which item is effective, ineffective,
or defective on the test. The ineffective items could then be modified to suite the
objectives we exactly want the students to achieve. Also, the defectives items could
be replaced with effective ones. We employ item analysis in this report.
We have used a test that was administered to a set of first semester calculus
1 students at USU in the Fall 2011 semester. The rubrics that displays the scores
of each individual responses were gathered. The scores to each item on the test for
each student were recorded. We rearranged this data in descending order according
to the test scores. After this, we partitioned the data into three groups. The first
group, named, Group H, i.e., the group of students that obtained higher scores on
the test - this group has high achievement of the objectives of the test. The second
group, named, in-between group, gives the data for those in the middle class of the
15
achievement of the objectives. Lastly, the third group, named, Group L, is the group
with low achievement of the objectives i.e., the group with low scores on the test. The
data resulting from this grouping is then used in the computation of assessment effec-
tiveness using the methods described below. We should also note that this partition
is not circular. We based the partition on the fact that the measurement was found
to be valid having a high reliability coefficient, relevant to some subject contents and
has learning levels relevance. For these reasons we assume that those that have high
level of achievement of the objectives of the test are those that scored high on the test
and those with lower level of achievement of the objective of the test are those that
scored low on the test. The in-between group were not used because we only need
the proportion of correct response from both group H and group L in performing the
necessary computations.
3.4.1 Methods for Assessing Effectiveness
Index of Discrimination: This process is used to determine how an item on
the test could be used to show the disparity in the level of achievement of the objec-
tive that the item is really measuring. That is to say we want to see how the item is
able to discriminate between those students that have high level of achievement of a
particular objective and those that have low level achievement of that objective. The
index of discrimination, Dj, is the difference between the proportion of correct re-
sponses to mini-experiment from Group H (i.e., PHj) who are known to be students
with higher levels of objectives achievement and the proportion of correct responses
to mini-experiment from Group L (i.e., PLj), students with lower levels of objectives
achievement. If PHj is greater than PLj on an item, then, Dj for a mini-experiment
is positive. We can then conclude that the mini-experiment is effective, otherwise it is
16
ineffective or defective. The closer the value Dj to 1, the more effective it is, and the
nearer it is to 0, the less effective it is. According to Robert Ebel (1965) classifications,
0.4 ≤ Dj ≤ 1.0 indicates that the item is very effective, 0.3 ≤ Dj < 0.4 indicates that
the item is reasonably effective, 0.2 ≤ Dj < 0.3 indicates that the item is marginally
effective, and −1.0 ≤ Dj < 0.2 indicates defective items. The formula for determining
this discrimination is stated below:
Dj = PHj − PLj,
where Dj represents the index of discrimination, PHj is the proportion of correct
responses from Group H, and PLj is the proportion of correct responses from Group
L to mini-experiment j . PHj and PLj are computed as shown below.
PHj =
∑
ji
NHwj
,
(where j =2A, 2B, 2C,. . . , 9; i =1, 2, 3,. . . , 14 )
And similarly,
PLj =
∑
ji
NLwj
,
(where i = 29,30, 31,. . . , 42)
where
∑
ji is the sum of scores for mini-experiment j, NH is the number of students in
Group H, NL is the number of students in Group L, and wj is the maximum possible
number of points for item j in the test.
Example 3.4.1 For item 2A on the test, let us compute PH2A with 14 students in
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group H and the total possible points of 4. We have:
∑14
i=1 2A=56, NH=14, w2A=4
PH2A =
∑14
i=1 2A
NHwj
=
56
14(4)
=
56
56
= 1
Example 3.4.2 Similarly, computing PL2A we have,
∑42
i=29 2A=32, NH=14,w2A=4
PL2A =
∑42
i=29 2A
NHwj
=
32
14(4)
=
32
56
= 0.571429
So, if PHj > PLj, then we can conclude that the item is effective. If PHj = PLj,
then we say the item is ineffective, and such items need some modifications. Lastly, if
PHj < PLj, then, we conclude that such item is defective and need to be replaced. In
summary, the higher the value of Dj, the more effective the item is. We then compute
the index of discrimination for item 2A.
Example 3.4.3 Computing the index of discrimination of item 2A.
From examples 3.5.1 and 3.5.2, we have: PH2A = 1, PL2A=0.571429. Thus
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D2A = PH2A − PL2A
= 1− 0.571429
= 0.428571
Index of Difficulty: Index of difficulty, Pj, is the mean of the proportion of
correct responses to mini-experiment from Group H and the proportion of correct
responses to mini-experiment from Group L. This indicates how easy or hard a test
is. The closer Pj is to 0, the harder the mini-experiment and the closer Pj is to 1,
the easier the mini-experiment. According to Hofmann (1975), the following classifi-
cations serve as operational definitions, 0.00 ≤ Pj < 0.25 indicates that the item is
hard, 0.25 ≤ Pj < 0.75 indicates that the item is moderate, and 0.75 ≤ Pj ≤ 1.00
indicates that the item is easy. The formula below shows how to compute the index
of difficulty, Pj, for item j.
Pj =
PHj + PLj
2
.
The value of Pj ranges from 0 to 1. So in interpreting the result obtained from this
formula, we conclude that the closer the value of Pj to 1, the easier the item and the
closer the value of Pj to 0, the more difficult the item is. We compute the index of
difficulty for item 2A as follows:
Example 3.4.4 Computing the index of difficulty of item 2A.
Since PH2A = 1, PL2A = 0.571429 from previous examples
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P2A =
PH2A + PL2A
2
=
1 + 0.571429
2
=
1.571429
2
= 0.785715
Index of Item Efficiency: The index of item efficiency, denoted by Ej is a mea-
sure of effectiveness of how closely the item index of discrimination approaches the
maximum possible value. The greater the Ej, the more effective the item is. According
to Hofmann (1975), the following classifications serve as operational definitions, −1.0
≤ Ej < 0.5 indicates that the item is nonefficient, 0.5 ≤ Ej < 0.8 indicates that the
item is efficient, and 0.8 ≤ Ej ≤ 1.0 indicates that the item is ideally efficient. The
index of efficiency is the ratio of the index of discrimination to the maximum discrim-
ination. It is a function of index of discrimination and index of difficulty. Hofmann
(1975) explained the rationale for obtaining the maximum discrimination and came
up with the following observations. When Pj is less than or equal to 0.50, the value
of the maximum discrimination is 2 times Pj i.e., max |Dj| = 2Pj. Given that the
value of Pj is greater than or equal to 0.50, the value of the maximum discrimination
is 2 times the proportion of negative responses. i.e., max |Dj| = 2(1 − Pj). Also,
when Pj is less than 0.50, then the maximum discrimination is a function of negative
responses i.e., minus 2 times Pj i.e., max |Dj| = −2Pj. On the other hand, when Pj
is greater than 0.50, the maximum discrimination is also of negative responses, so we
have max |Dj| = −2(1−Pj). In general, Hofmann (1975) derive the formula for index
of item efficiency, Ej, as stated below:
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Ej =
Dj
max |Dj| ,
where Dj is the index of item discrimination and max |Dj| is equal to the maximum
possible value of discrimination which is a function of index of difficulty.
Using this index, we can conclude based on the result of Ej whether a test item
is efficient or inefficient. From the results, one will be able to say whether an item is
too easy or too difficult. In general, the combination of all these indices will allow us
to come to a conclusion on whether there are some faulty items on the test that need
to be replaced or need to be modified. We compute the index of efficiency for item
2A as follows:
Example 3.4.5 Computing the index of efficiency of item 2A.
Using some results from the previous examples, D2A = 0.428571, since P2A ≥ 0.5, then
the maximum possible value forD2A is 2(1−P2A) i.e., max |D2A|=2(1−0.785715)=0.42857
E2A =
D2A
max |D2A|
=
0.428571
2(1− 0.785715)
=
0.428571
0.42857
= 1
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CHAPTER 4
RESULTS
We present the results of our validation study and interpretation of the results
for the test administered to a set of first semester calculus students in the Fall 2011
semester. The results are summarized under each of the characteristics described in
Chapter 3.
4.1 Measurement Relevance Results
This section provides the results of the measurement relevance. Since we do not
have access to the measurement objectives of the test with their respective desirable
weights, we constructed a two-way table to illustrate the subject contents and the
learning level relevance of the measurements. From the measurement prompts, we
gathered that there are about five content areas emphasized on the test. The subject
contents of the measurements are as follows: position functions, tangent and velocity,
limit of a function, continuity, tangents and derivatives of a function. From Table 3,
we are able to show that the concept, tangent and velocity, has the greatest emphasis
on the test with a weight of about 41% of the total points. This is followed by position
functions, limit of a function, and other category with weight of 15% each. A little
emphasis is observed for tangents and derivatives of a function and continuity with
weights of 9% and 5% respectively.
On the other hand, the learning level revealed by the rubrics of the test scores and
the measurements prompts show that about 46% of the total points is on algorithmic
skill. This is followed by a total weight of about 15% each devoted to application
and willingness to try. The next learning level involved is the simple knowledge, with
weight of about 12% of the total point. Comprehension and communication
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learning level is about 9% of the total points. We again observed that a little emphasis
was placed on discovering a relationship learning level with a weight of approximately
3% of the total points. Apart from these learning levels, we do not seem to identify
any other learning levels. Therefore, we conclude that the measurement (test) does
not only have subject contents relevance but also have different learning-level rele-
vances.
4.2 Measurement Reliability Coefficient
Usually, if a test is not standardized, a reliability coefficient greater than 0.65
is an indication of measurement results with a satisfactory degree of internal con-
sistency, while for a standardized test, the reliability coefficient near or above 0.9
is considered satisfactory (Cangelosi, 2000). This is because the standardized test is
designed in such a way that most of them are multiple choice items than wide va-
riety of item format. Furthermore, the reliability coefficient of a standardized test
is computed from the results of the norm groups which varies compared to homo-
geneous groups. Emphasis is placed more on internal consistency than relevance in
standardized tests. Note also that the reliability coefficient interpretation depends on
individuals. It also depends on the factors influencing the internal consistency of the
test.
For instance, consider the test we evaluate, we observed that the test is de-
signed to be relevant to some moderately complex objectives in such a way that the
learning levels of the measurements comprise of simple knowledge, algorithmic skills,
comprehension and communication, willingness to try, discover a relationship, and
application. Thus, we can consider this test as a moderately hard and not too easy
test because it entails most of the learning levels relevance. This test was administered
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to a homogeneous group of only one class, and the test was designed with a greater
attention to relevance than internal consistency. The test also consists of weighted
scored items only. Considering all these factors on this measurement we compute and
conclude that the reliability coefficient of this test, α = 0.82, is satisfactory for a
classroom test.
4.3 Standard Error of Measurement
The standard error of measurement is related to the reliability of a test. The
standard error of measurement is the index that signifies the amount of variability in
students’ scores as a result of random error of measurement. In essence, if the same
test is administered for quite a number of times, a student’s score is not expected
to change more than this index due to some changes in the factors influencing such
test. In this study, we compute the standard error of measurement to be approximately
9.5. Hence, we expect scores from this test to be about 9.5 points of the obtained
scores about 68% of the time (i.e., + or −9.5). This implies that we are 68% sure
that the test score obtained will lie between plus or minus 9.5 points of the obtained
scores. Also, the test scores will be within 19 points of the obtained scores about 95%
of the time (i.e., + or −19). This again implies that we are 95% sure that the test
scores obtained will lie between plus or minus 19 points of the obtained scores.
As a result of this, if we are considering 68% confidence interval, we will not
consider two test scores to be significantly different unless they differ by at least 9.5
points. On the other hand, if we are using 95% confidence interval, two test scores
will not be considered different unless they differ by at least 19 points. Alternatively,
if we retest the same set of students, their scores will not be more than plus or minus
9.5 points of their first scores if we are considering 68% confidence interval. If we are
25
considering 95% confidence interval, the students scores on the retest will be between
plus or minus 19 points of their first scores.
4.4 Item Analysis Results
Index of Discrimination: Table 4 and Figure 1 show the results of index of
discrimination computed for the twenty-two items on the test. The values of Dj lies
between 0 and 0.61. We conclude that item 4 is the most effective with the value of Dj
equals 0.61, followed by items 2J , 7D, 5, 7E, and 2A with the indices of discrimination
equals 0.58, 0.57, 0.52, 0.48, and 0.43 respectively. These items are considered to be
effective on the test. Items 2B, 2D,7A, 6, and 7C with the indices of discrimination
of 0.36, 0.34, 0.33, 0.32, and 0.31 are reasonably effective. Also, items 2E, 3, 9, 8, 2G,
2I,7B, and 2C with indices of discrimination between 0.20 and 0.27 are considered
marginally effective. Lastly, items 2F , 2H, and 7F with the values of Dj equal 0.14,
0.13, and 0.00 respectively are considered as defective items and probably need to be
refined or rejected.
Fig. 1: Graph of Indices of Discrimination
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Table 4: A Table Showing the Results of Index of Discrimination
j PHj PLj Dj
2A 1.00 0.57 0.43
2B 0.93 0.57 0.36
2C 1.00 0.80 0.20
2D 0.98 0.64 0.34
2E 1.00 0.73 0.27
2F 0.68 0.55 0.13
2G 1.00 0.75 0.25
2H 1.00 0.86 0.14
2I 1.00 0.76 0.24
2J 0.88 0.30 0.58
3 1.00 0.74 0.26
4 1.00 0.39 0.61
5 0.87 0.35 0.52
6 0.95 0.63 0.32
7A 0.98 0.64 0.33
7B 0.98 0.74 0.24
7C 1.00 0.69 0.31
7D 0.80 0.23 0.57
7E 0.79 0.30 0.48
7F 0.88 0.88 0.00
8 0.93 0.68 0.25
9 0.91 0.64 0.26
Index of difficulty: The values of the indices of difficulty for the test is com-
puted. The results as shown in Table 5 and Figure 2 ranges from 0.51 to 0.92. Using
these results we conclude that item 2H is the easiest among the items in the test
with the value of Pj approximately equals 0.93, followed by items 2C, 2I, 7F , 2G, 3,
2E, 7B, 7C, 2D, 7A, 8, 6, 2A, 9, and 2B with their values of Pj between 0.75 and
0.90. They are therefore considered as easy items. Items 4, 2F , 5, 2J , 7E, and 7D
are moderate items on the test with the values of their Pj between 0.51 to 0.70.
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Fig. 2: Graph of Indices of Difficulty
Table 5: A Table Showing the Results of Index of Difficulty
j PHj PLj Pj
2A 1.00 0.57 0.79
2B 0.93 0.57 0.75
2C 1.00 0.80 0.90
2D 0.98 0.64 0.81
2E 1.00 0.73 0.87
2F 0.68 0.55 0.62
2G 1.00 0.75 0.88
2H 1.00 0.86 0.93
2I 1.00 0.76 0.88
2J 0.88 0.30 0.59
3 1.00 0.74 0.87
4 1.00 0.39 0.70
5 0.87 0.35 0.61
6 0.95 0.63 0.79
7A 0.98 0.64 0.81
7B 0.98 0.74 0.86
7C 1.00 0.69 0.85
7D 0.80 0.23 0.51
7E 0.79 0.30 0.54
7F 0.88 0.88 0.88
8 0.93 0.68 0.80
9 0.91 0.64 0.78
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Index of item efficiency: Table 6 and Figure 3 display the results of index of
efficiency computed for the test under study. Since the values of Ej falls between 0
and 1, we conclude that items 2A, 2C, 2D, 2E, 2G, 2H, 2I, 3, 4, 7A, 7B, and 7C
perform well on the test and the values of their index of efficiency equals 1.00. Hence,
they are ideally efficient items. Items 2B, 2J , 5, 6, 7D, 7E, 8, and 9 seem to be
satisfactory in their performance with the indices between 0.52 and 0.77. Hence, they
are efficient items on the test. Finally, items 2F and 7F perform poorly on the test
with the indices of efficiency of 0.16 and 0.00 respectively. So they are both regarded
as nonefficient items.
Fig. 3: Graph of Indices of Efficiency
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Table 6: A Table Showing the Results of Index of Efficiency
j Dj Pj max |Dj| Ej
2A 0.43 0.79 0.43 1.00
2B 0.36 0.75 0.50 0.71
2C 0.20 0.90 0.20 1.00
2D 0.34 0.81 0.38 0.90
2E 0.27 0.87 0.27 1.00
2F 0.13 0.62 0.77 0.16
2G 0.25 0.88 0.25 1.00
2H 0.14 0.93 0.14 1.00
2I 0.24 0.88 0.24 1.00
2J 0.58 0.59 0.82 0.71
3 0.26 0.87 0.26 1.00
4 0.61 0.70 0.61 1.00
5 0.52 0.61 0.79 0.67
6 0.32 0.79 0.42 0.77
7A 0.33 0.81 0.38 0.87
7B 0.24 0.86 0.29 0.83
7C 0.31 0.85 0.31 1.00
7D 0.57 0.51 0.98 0.59
7E 0.48 0.54 0.91 0.53
7F 0.00 0.88 0.24 0.00
8 0.25 0.80 0.39 0.64
9 0.26 0.78 0.45 0.59
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CHAPTER 5
DISCUSSION AND CONCLUSIONS
5.1 Discussion
In this study, we found that the first year calculus test administered to the stu-
dents at USU in the fall 2011 semester is not only relevant to the contents of the
course but also have some form of internal consistency. From the result of our anal-
ysis, about three prompts in the test need to be examined. We do not believe that
this is due to the way the questions were framed. Rather, our assumption is that
this may be connected to the fact that the test is the first to be administered to the
students in that semester. On the other hand, in order to provide opportunity for
all students to experience some degree of success on the test, such items need to be
included in a test. For us to be able to detect the flaws in these prompts, we need
to perform some think-aloud with some students that took the test. This will help
us infer why the propmts are either defective or nonefficient. In this process, we will
interview students with higher and lower achievement of the objectives of the test
on these prompts. From the interview, we will be able to deduce the flaws in those
prompts.
The following item, i.e., item 2H, which reads : “What is the average velocity
of the object for x ∈ [−2,2]? You do not need to display your computation”, is con-
sidered to be a defective item on the test even though our analysis suggests the item
to be an efficient one. The reason for this is that the prompt is too easy to the ex-
tent that we cannot discriminate between those students with higher level and lower
level of achievement of the objective for this prompt. Thus, we suggest that the test
designer modify the prompt by allowing the students to show algorithm/process for
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computing the average velocity in that interval. With that, it will be appropriate to
assess if the students really understand why they have such result.
The second prompt that needs attention is prompt 2F . This prompt ask the stu-
dents to “Guesstimate a formula for f(x) for x ∈ (−6,2] ”. This prompt was found to
be defective, moderately difficult, and inefficient according to the analysis. This tells
us that we need to make some adjustment on the prompt. We may need to re-word
the prompt so that the students will be clearer on what is expected of them. We sug-
gest that while teaching this aspect in the future one need to give a clear instruction
on how to guesstimate in learning algorithm skills. The phrase guesstimate a formula
might be ambiguous to some students, so we may need to reframe the prompt. Thus,
we may ask the students to “write a formula for f(x) for x ∈ (−6,2] ” .
Finally, prompt 7F is another item on the test that we found to need atten-
tion. The prompt is as follows: “What was the position of the particle at the 10th
second of the observation period?”. This item is also found to be defective because we
could not discriminate the level of achivement of the objective of the item between
the groups of students (Group H and Group L). The item seems to be an easy item on
the test to the extent that we have the same proportion for both groups involved. We
also consider the prompt to be an inefficient item on the test. Although there is no
ambiguity or the need to re-word this prompt, it is easy enough to understand. We
suggest that such prompt should not be too many in a test. As mentioned earlier on,
it is okay to include easy prompts in a test so that all students will have opportunity
of experiencing some certain degree of success on the test.
5.2 Conclusions
Validation study is very important. In order to be able to provide solutions to the
challenges of assessment, we need to be able to agree upon what the students need to
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learn, set the goals and objectives of the content area so that the students will know
what is expected of them. We also need to be able to design tests that will measure
student performance on the objectives of the content area (Wiggins, 1990). Measuring
the validity of a test is not enough to justify whether a test item is good or bad. We
need to perform item analysis to be able to know if an item is efficient or inefficient
so that we can modify or eliminate such item (Cangelosi, 2000). Thus, in designing
authentic tests for our content areas, we need to get involved in the analysis of test
items. Each of this statistic provides us with valuable information on how to improve
test items and in turn helps to improve the overall quality of the test. This will not
only help in the improvement of our instructional strategies but also improve our skills
in constructing tests. Doing item analysis will also help us in building test banks from
where instructors can pull up items to be administered for subsequent tests (Kehoe,
1995; SCOREPAK, 2005).
In general, we conclude from the results of our analysis that the test we ana-
lyze, i.e., the calculus 1 first test is valid in that it is both relevant and reliable for a
classroom test. The items were tailored towards some of the introductory concepts in
calculus. The learning levels revealed by the two-way table we constructed show that
the test is relevant to some subject contents and have learning level relevance. Most
of the items on the tests were found to be efficient, effective, and moderate. However,
about three out of the prompts were found to be defective items. Two among these
items were also found to be inefficient. We expect the test to have some items that
may be easy, to the extent that we might not be able to discriminate between those
that have highest level of achievement of the objective and lowest level of achievement
of the objective of the test. This is because the test is the first test to be administered
in that semester and in order for all the students to have the taste of success in the
test, we need to include some of these easy items.
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APPENDIX A
A COPY OF THE CALCULUS 1 TEST
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APPENDIX B
A COPY OF THE RUBRICS FOR THE TEST
1Scoring Rubrics for _______________________________________________________’s Responses for
Opportunity #1, Math 1210-9, Fall, 2011
Note: For each criterion, +2 indicates the standard is clearly met, +1 indicates it is unclear, & +0 indicates it is clearly not met.
 2A. (-12, 4) is given as the domain -----------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous --------0 1 2
2B. (-4, 9) is given as the range ---------------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous --------0 1 2
2C. Bases argument on the fact that lim as x6-4 is not f(-4)-------------------------------------0 1 2
Argument is valid and coherent ----------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous --------0 1 2
2D. -4 is given for the “limit” ------------------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous---------0 1 2
2E. 9 is given for the “limit” -------------------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous---------0 1 2
2F. Reasonable guesstimation given (e.g., 3 for x 0 (-6, 4) c (-4, -2), 5 for x = -4, and 
x  for x 0 [-2, 2]-------------------------------------------------------------------------------0 1 22
The expression not only correct but also rigorous and with nothing extraneous --------0 1 2
2G. Average velocity is computed as 2--------------------------------------------------------------0 1 2
Computations are accurate and apparent-------------------------------------------------------0 1 2
2H. Average velocity is computed as 0--------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous ---------0 1 2
2I. Indicates that the instantaneous velocity is 0----------------------------------------------------0 1 2
Two sentence justification is clear----------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous ----------0 1 2
2J. Indicates that there are exactly 3 roots -----------------------------------------------------------0 1 2
Three sentence justification is clear---------------------------------------------------------------0 1 2
The expression not only correct but also rigorous and with nothing extraneous ----------0 1 2
_______/46
20 3. Employs our definition of f '(x ) to compute g'(2) = 8 -------------------------------------   0 1 2
Computations are accurate and apparent ------------------------------------------------------   0 1 2
The expression not only correct but also rigorous and with nothing extraneous ----------0 1 2
 4. Displays y = 8x – 13 for the tangent line  ----------------------------------------------------   0 1 2
Computations are accurate and apparent ------------------------------------------------------   0 1 2
The expression not only correct but also rigorous and with nothing extraneous ----------0 1 2
 5. Displays computation leading to  = 5 ----------------------------------   0 1 2
Computations are accurate and apparent ------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous ----------0 1 2
 6. Applies the Intermediate Value Theorem to prove that there is a root on (-2, -1) -------- 0 1 2
Clearly show that f (-2) > 0 and f (-1) < 0 -----------------------------------------------------   0 1 2
The expression not only correct but also rigorous and with nothing extraneous ---------- 0 1 2
 7A. Computes v(t) to be 16t – 11 ---------------------------------------------------------------------- 0 1 2
Computations are accurate and apparent -------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
 7B. Computes v(3) to be 37 ---------------------------------------------------------------------------- 0 1 2
Computations are accurate and apparent -------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
 7C. Computes t to be 11/16 ---------------------------------------------------------------------------- 0 1 2
Computations are accurate and apparent -------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
 7D. Computes the time interval to be (11/16, 12]--------------------------------------------------- 0 1 2
Computations are accurate and apparent -------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
 7E. Answers that the particle was moving backwards over (0, 11/16) --------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
 7F. Computes the position of the particle to 690 at the tenth second ---------------------------- 0 1 2
Computations are accurate and apparent -------------------------------------------------------- 0 1 2
The expression not only correct but also rigorous and with nothing extraneous -----------0 1 2
_______/58
3 8. Applies ,-* definition for limit of a function to prove that ---------- 0 1 2
Proof is easy to follow with an apparent flow of logical deductions -------------------- 0 1 2
Expressions are correct with nothing extraneous or erroneous --------------------------- 0 1 2
Proof is especially well written --------------------------------------------------------------- 0 1 2
 9. Meeting #1 homework:
A - i–vii & B included -------------------------------------------------------------------- 0 1 2
E -  i – iv included -------------------------------------------------------------------------- 0 1 2
Meeting #2 homework:
B. From pp. 61–62 of HWT, prompts: #1, 3, & 9 ----------------------------------- 0 1 2
D. From pp. 71–74 of HWT, prompts: #1, 3, 5, 9, 17, 25, 27, 31, & 57 --------- 0 1 2
Meeting #3 homework:
B. From pp. 80–84 of HWT, prompts: #1, 11, & 45 ------------------------------- 0 1 2
D. From pp. 94–97 of HWT, prompts: #1, 3, 5, 9, 15, 19, & 21 ----------------- 0 1 2
Meeting #4: 
A. From pp. 94–97 of HWT, prompts: #37, 41, 43, 47, 51, 61, & 77 ----------- 0 1 2
C. From pp. 102–103: #1, 3, 9, 13, 19, 21, 23, 33, 39, 53, 55, & 61 ------------ 0 1 2
Meeting #5:
B. Pp. 113–115: #5, #7, #13, #19, #47, & #57 --------------------------------------    0 1      2
D.  Pp. 118–119: #5, #7, #11, #15, #27, & #29 --------------------------------------    0 1      2
_______/28
Score ________ / 132
A  A- B+ B B- C+ C C- D+ D D- F
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APPENDIX C
CALCULUS 1 TEST SORTED DATA
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